1. Background {#sec118394}
=============

Hepatitis C virus (HCV), a positive strand RNA virus, is still a major health problem worldwide ([@A28895R1]). It frequently leads to chronic infection contributing to liver cirrhosis and hepatocellular carcinoma. Based on HCV genotype, antiviral therapy is successful in approximately 50 to 70% of infected patients ([@A28895R2], [@A28895R3]). However, sustained virological response (SVR) contributes to negative findings for HCV RNA in serum for six months after termination of treatment ([@A28895R2]). Recurrence of infection is defined as reappearance of HCV RNA in serum ([@A28895R4]).

On the other hand, hepatitis C virus is not a strictly hepatotropic virus and there is evidence showing its ability to replicate in peripheral blood mononuclear cells (PBMCs). Several reports have been published regarding detection of HCV RNA in PBMCs. The infected cells were reported to contain HCV RNA-negative strand, which is a viral replicative intermediate and viral genomic sequences were often found to be distinct from those found in serum and liver ([@A28895R1], [@A28895R5], [@A28895R6]).

Presence of HCV RNA years after apparent successful treatment has been reported by Pham et al. ([@A28895R7]) who were able to amplify viral sequence from follow-up sera or PBMC in 11 of 11 SVR patients for up to five years after therapy. It has been shown that in patients with SVR after IFN or IFN/ribavirin therapy, small quantities of HCV RNA may persist in liver or PBMCs for up to nine years. This continuous presence of HCV RNA could present a potential risk for transmission or infection reactivation ([@A28895R8], [@A28895R9]).

Viral load measurements are commonly used to monitor HCV infection in patients with chronic diseases or determining the number of HCV-genomes in serum samples of patients after SVR. Recently, assays based on real-time reverse transcriptase polymerase chain reaction (RT-PCR) have been introduced in routine diagnosis and rapidly replaced the assays based on standard RT-PCR and signal amplification ([@A28895R7], [@A28895R10]).

In patients with undetectable level, still test might be positive for viral hepatitis. This is because viral load tests have a limit to how few viruses they can detect. Tests vary in terms of sensitivity. For instance, while some viral load tests can detect as little as 50 IU (equal to 100 vg copies/mL), others can only go as low as 615 IU/mL. After HCV infection treatment and SVR, HCV RNA may not be detectable in serum samples of patients ([@A28895R11], [@A28895R12]). During the remission period it is possible that HCV replicates in PBMCs and hepatitis recurs in patients. During the remission period, HCV viral load in serum samples is too low to be detected by PCR, therefore PBMCs would be a valuable source for follow-up of patients after SVR ([@A28895R8], [@A28895R13]).

2. Objectives {#sec118395}
=============

In the present study, a highly specific, sensitive, and reproducible in-house quantitative PCR was described using specific primers and probe cited in highly conservative 5'-non-coding region (5'NCR) of HCV genome that allows simultaneous detection of four main HCV genotypes in the region. Moreover, the sensitivity of assay was investigated for detection of HCV RNA in peripheral blood mononuclear cell and plasma samples of patients with current chronic hepatitis who had not received any treatment.

3. Materials and Methods {#sec118404}
========================

3.1. Design of Primers and TaqMan Probe {#sec118396}
---------------------------------------

PCR primers that target highly conserved sites of the 5'NCR region were selected for their robustness. In this study, three sets of primer pairs and a TaqMan probe were used for amplification and detection of HCV genotypes in clinical samples. Two sets of published primer pairs ([@A28895R14]), an in-house designed primer pair, BK1 and BK2, and a TaqMan probe for amplification and detection of selected region within 5'NCR of HCV genome were also used ([Table 1](#tbl30468){ref-type="table"}). The primers and TaqMan probes used in this study were designed using the Primer3 and Generunner software and synthesized by Bioneer Corporation (South Korea). The TaqMan probe sequence was selected within primer pair BK1 and BK2 and cited at positions 166 - 187, which was designed to be perfectly complementary to the target sequence. The TaqMan probe was labeled with 6-carboxyfluorescein (6-FAM) and the quencher Carboxytetramethylrhodamine (TAMRA) at the 5' and 3' ends, respectively.

###### Primer Sequences Used in the Study

  Primer Name   Primer Sequence and the Probe Sequences   Primers and the Probe/Sequence Position on the Genome
  ------------- ----------------------------------------- -------------------------------------------------------
  **BKP7**      5'-CACTCCCCTGTGAGGAACTACTGTCT-3'          Outer forward primer/38 - 63
  **BKP8**      5'-TGGTGCACGGTCTACGAGACCTCCC -3'          Outer reverse primer/319 - 343
  **S130**      5'-CGGGAGAGCCATAGTGGTCTGCG-3'             Inner forward primer/130 - 152
  **AS311**     5'-CTCGCAAGCACCCTATCAGGCAGTA -3'          Inner reverse primer/287 - 311
  **Bk1**       5'-CGG GAG AGC CAT AGT GGT -3'            Forward primer for real time PCR/130 - 147
  **Bk2**       5'-CAA GCA CCC TAT CAG GCA -3'            Reverse primer for real time PCR/290 - 307
  **Probe**     5'-CAA GGC CTT TCG CGA CCC AA -3'         TaqMan probe/264 - 283

3.2. Clinical Specimens {#sec118397}
-----------------------

To validate practical application of developed in-house HCV real-time RT-PCR, the presence of HCV RNA was determined in both sero-positive and -negative plasma specimens collected from 38 patients with definitive diagnosis of HCV infection and 14 normal healthy donors, respectively. Patients were already known to have positive results for HCV antibody and RNA. They all were new cases and had received no treatment on the time of sample collection. To assess whether the developed real time RT-PCR would be able to detect the HCV genotypes 1 to 4 which are dominant in the region, HCV genotypes were determined for all the plasma samples using a commercially available kit (Sacace Biotechnologies Srl, Caserta, Italy). There were 17 genotype 1, 2 genotype 2, 17 genotype 3 and 2 genotype 4. All the blood samples were identified as HIV-1 antibody negative by anonymous testing with ELISA method (anti-HIV Tetra ELISA, Biotest Co. Germany). Blood samples were centrifuged at 805 × g for 10 minutes and the plasma was recovered. PBMCs were isolated from the remaining volume by 3:1 dilution with phosphate buffer saline (PBS) and Ficoll-PaqueTM PLUS (1.077 g/mL, Amersham Biosciences, Freiburg, Germany) density gradient centrifugation (1578 × g, 30 minutes, 25°C). Harvested cells (1 × 10^6^ cells/mL) from the interface and plasma samples were stored at -80°C until RNA extraction.

3.3. RNA Extraction {#sec118398}
-------------------

Total RNA from plasma and PBMC extracted with Viral RNA PrepMate^™^ kit (Bioneer. South Korea). In brief, the total RNA was extracted by mixing 100 μL plasma or PBMC (10^5^ cells/100 μL) with lysis buffer and incubated at 4°C. Chloroform was then added and after centrifugation at 13000 × g for 15 minutes, RNA-containing aqueous phase was precipitated in isopropanol. RNA precipitates were then washed once in 75% ethanol and re-suspended in 20 μL of RNase-free water.

3.4. Reverse Transcription {#sec118399}
--------------------------

One tenth of total RNA (2 µL) was subjected to reverse transcription with specific primer (anti-sense) AS343 for one hour at 42°C, followed by 5 minutes inactivation of enzyme at 99°C. The resulting cDNA was used as a template for PCR amplification.

3.5. Preparation of In-House HCV RNA Standard Control {#sec118400}
-----------------------------------------------------

To prepare HCV RNA control, cDNA was amplified by PCR with the primer pair of S38/AS343. The amplicons were then separated on a 3% agarose gel and purified with silica bead dna gel extraction kit (Fermentas, Lithuania). The purified PCR product was then cloned into pJET1.2 vector using the CloneJET^™^ PCR Cloning Kit (Fermentas, Lithuania). The recombinant plasmid covering HCV 5'NCR cDNA was transformed in to *E. coli* DH5α; afterwards purified with GeneJET^™^ Plasmid Miniprep Kit (Fermentas, Lithuania). The restriction digestion was performed using SmlI enzyme to achieve the 910 base pair fragment containing T7 transcription and HCV 5'-NCR and purified by phenol chloroform extraction method and alcohol precipitation. T7 transcription kit (Fermentas, Lithuania) was used to transcribe HCV 5'NCR cDNA into specific RNA and then purified with phenol-chloroform extraction and alcohol precipitation.

3.6. Real Time PCR Assay {#sec118401}
------------------------

To prepare a standard curve, a set of six dilutions of HCV 5'NCR RNA control (102 - 107 copies) of HCV RNA were transcribed into cDNA. These samples have been serially diluted in an HIV, HCV, and HBV negative serum to generate a set of six standards, which were then amplified by real-time PCR. The Bio Rad IQ5DH5α Detection System was used for real-time analysis. Thermal cycling program was designed as follows; initial denaturation at 95°C for 3 minutes followed by 45 cycles of 95°C for 15 seconds and 59°C for 60 seconds. Fluorescent measurements were recorded during each extension step. Data was automatically analyzed by the system and amplification plots were generated at the end of each PCR run. For each PCR reaction, 2 µL of cDNA template was added to 48 μL of PCR master mixture (200 μM dNTP, 500 nM of each primer, 2.5 U of Maxima^®^ Hot Start Taq DNA Polymerase, 400 nM of TaqMan probe, 1.5 mM MgCl~2~ and 1x PCR buffer) respectively for each PCR reaction.

All amplification reactions were performed in triplicate. A standard curve was generated with 10-fold dilutions of HCV 5'NCR RNA control (102 - 107 copies/mL) that had been pre-quantitated by a Nano drop spectrophotometer.

3.7. Nested RT-PCR {#sec118402}
------------------

The S38/AS343 outer and AS130/AS311 inner primers were used for qualitative analysis of HCV RNA. The first PCR reaction conditions were as follows: denaturation at 94°C for 5 minutes, followed by 35 cycles at 94°C for 30 seconds, 58°C for 40 seconds and 72°C for 1 minute. The second PCR was performed with 1 μL of the first PCR product in the same conditions. PCR products were then visualized on 1% agarose gel and stained with fluorescent dye ethidium bromide.

3.8. Quantification of HCV RNA in Plasma and PBMCs {#sec118403}
--------------------------------------------------

Real-time and nested PCR were performed on RNA extracted from plasma and PBMCs samples collected from patients with chronic HCV infection. An outcome of interest in this part of study was to determine if the primers sets were able to detect various HCV genotypes in the samples both quantitatively and qualitatively.

4. Results {#sec118407}
==========

4.1. Sensitivity and Reproducibility of Real-Time RT-PCR {#sec118405}
--------------------------------------------------------

The analytical sensitivity of real-time RT-PCR was determined using dilution series of HCV 5'NCR RNA transcripts containing 0, 10^2^, 10^3^, 10^4^, 10^5^, 10^6^, and 10^7^ molecules and tested five times, each in triplicate. The amplification plots obtained using the in-house standards and the standard curve are shown in [Figure 1](#fig22604){ref-type="fig"}. Sensitivity was determined as 100 RNA copies per reaction mixture. To determine the reproducibility of the assay, RNA transcripts with different dilutions were tested with quadruplicates of each dilution in each run ((intra-assay) in different days (inter-assay)). [Tables 2](#tbl30469){ref-type="table"} and [3](#tbl30470){ref-type="table"} indicated the mean coefficient of variation (CV) of Ct values and input copy number of HCV RNA within a run and in different days (inter-assay). The intra-assay coefficient of variation (CV) of this in-house HCV real-time RT-PCR ranged from 0.9 to 1.8% ([Table 3](#tbl30470){ref-type="table"}). The inter-assay CV of this in-house HCV real-time RT-PCR ranged from 1.76% to 3.94% ([Table 2](#tbl30469){ref-type="table"}). No significant differences observed between the results on each day and between the results on the respective days. Four sero-positive specimens were run by real-time RT-PCR four times ([Table 4](#tbl30471){ref-type="table"}). To analyze the variance of repeated runs, a selection of isolates from each of the four genotypes tested on separate days.

![A, Amplification Plot of 10-Fold Serial Dilutions (102 - 107 Copies/mL) of the HCV 5'NCR RNA Control; B, The Standard Curve of 10-Fold Serial Dilutions of HCV 5'NCR RNA Control With a Correlation Coefficient (R2) of 0.995](hepatmon-15-08-28895-i001){#fig22604}

###### Inter-Assay Reproducibility of HCV Real-Time RT-PCR

  Day                                                   Input Copy Numbers of HCV 5'NCR RNA Control                                                
  ----------------------------------------------------- --------------------------------------------- -------------- -------------- -------------- --------------
  **1**                                                 29.21                                         26.47          22.06          19.88          15.28
  **2**                                                 29.50                                         26.61          23.30          19.23          15.91
  **3**                                                 30.10                                         26.03          21.54          19.06          15.12
  **4**                                                 29.43                                         25.40          22.21          19.41          14.79
  **5**                                                 28.65                                         27.23          20.87          20.37          16.32
  **Values** ^**[a](#fn30693){ref-type="table-fn"}**^   29.39 ± 0.52                                  26.34 ± 0.68   21.99 ± 0.89   19.61 ± 0.50   15.48 ± 0.61
  **CV** ^**[b](#fn30694){ref-type="table-fn"}**^       1.76                                          2.58           4.04           2.54           3.94

^a^ Data are presented as mean ± SD.

^b^ Abbreviation: coefficient of variation.

###### Intra-Assay Accuracy of HCV Real-Time RT-PCR

  Tube                                                  Input Copy Numbers of HCV 5'NCR RNA Control                                                
  ----------------------------------------------------- --------------------------------------------- -------------- -------------- -------------- --------------
  **1**                                                 28.70                                         26.15          21.22          19.76          15.30
  **2**                                                 29.12                                         26.28          21.05          19.98          15.06
  **3**                                                 28.54                                         25.83          21.46          19.49          15.53
  **4**                                                 28.61                                         26.38          21.90          19.51          15.74
  **Values** ^**[a](#fn30695){ref-type="table-fn"}**^   28.74 ± 0.26                                  26.40 ± 0.30   21.40 ± 0.36   19.68 ± 0.23   15.40 ± 0.29
  **CV** ^**[b](#fn30696){ref-type="table-fn"}**^       0.90                                          1.13           1.68           1.16           1.88

^a^ Data are presented as mean ± SD.

^b^ Abbreviation: coefficient of variation.

###### Reproducibility of HCV Real-Time RT-PCR Assay Runs on Four Plasma Samples

  Mean of 5 Runs                                        Mean of Threshold Cycles (Ct)                                 
  ----------------------------------------------------- ------------------------------- -------------- -------------- --------------
  **Values** ^**[a](#fn30697){ref-type="table-fn"}**^   30.45 ± 0.17                    28.91 ± 0.32   23.54 ± 0.20   18.36 ± 0.15
  **CV** ^**[b](#fn30698){ref-type="table-fn"}**^       0.55                            1.10           0.84           0.81

^a^ Data are presented as mean ± SD.

^b^ Abbreviation: coefficient of variation.

4.2. Application to Clinical Samples {#sec118406}
------------------------------------

Different HCV genotypes tested in this study were genotype 1 (n = 17), genotype 2 (n = 2), genotype 3 (n = 17), and genotype 4 (n = 2). Real-time and nested RT-PCR were performed to determine whether the major HCV genotypes in the region could be identified by the designed primers and probe. HCV positive samples of genotypes 1 - 4 were quantified using in-house TaqMan assay. Genotyping was performed as described before. RNA extracted from plasma and PBMCs of patients infected with different HCV genotypes were introduced into real time PCR assay and all four genotypes were identified by the same primer sets and probe. The viral load of genotyped samples ranged from 2.0 × 10^6^ ± 0.31 to 2.7 × 10^5^ ± 0.46 copies/mL in serum samples and 5 × 10^2^ ± 0.36 to 4.0 × 10^3^ ± 0.51 copies/10^6^ cells/mL of PBMCs. Nested PCR was able to detect all four HCV genotypes in the samples as well. Overall, the results indicated that HCV RNA load in the sera was higher than PBMC. Moreover, none of the control group had positive result by either real time or nested PCR assay.

5. Discussion {#sec118408}
=============

Currently, TaqMan technology is widely used for detection and quantification of viral genomes. In this study, an in-house real-time PCR assay was developed using TaqMan technology with good accuracy for quantification of HCV RNA in plasma and PBMCs samples from patients with chronic hepatitis C virus infection. The sensitivity of the assay was outstanding with a good dynamic range for detection of HCV RNA. There are varieties of commercial assays available for quantitation of HCV RNA routinely used in diagnostic laboratories. However, most of them have a limited ratio between the largest and smallest values of HCV RNA quantity. Therefore, to obtain the accurate results, clinical samples may need to be diluted and retested. Although for the calibration of the assay, WHO standard of HCV RNA was not used, instead an in-house standard with transcript of recombinant plasmid covering HCV 5'NCR cDNA was used. Overall, the sensitivity of the assay was about 100 copies/tube of HCV RNA, which is equal to 50 IU/tube. Furthermore, all four HCV genotypes could be detected within a single tube using a single set of primers and a target-specific probe. Yang et al. ([@A28895R14]) used a molecular beacon probe with four nucleotide mismatches, which make it difficult to determine all the HCV genotypes properly by real time PCR. To overcome the problem, following alignments to reference sequences and BLAST analysis, a new set of primer and a TagMan probe were designed. Using TagMan probe instead of molecular beacon for setting up a real time PCR for detection of all genotypes is feasible and straightforward in the assay.

TaqMan quantitative HCV assay showed over a range of 5 × 10^2^ to 2 × 10^6^ copies of HCV RNA in a clinical sample, which was comparable to other published HCV real-time PCR quantitative assays ([@A28895R15]-[@A28895R17]). TaqMan HCV quantitative test exhibited good reproducibility for both triplicate assays and independent tests. As expected, the intra-assay CV was lower than the inter-assay CV. The probe sequence was chosen so that it would hybridize to a sequence within its target amplicon conserved among most clinical types. The primers and probe designed for this assay are specific for HCV and do not contain any perfect match sequences for any other virus, bacteria or genomic DNA. It has been reported that HCV RNA could be detected in peripheral blood mononuclear cells of patients with HCV infections ([@A28895R18], [@A28895R19]).

In some patients, HCV RNA may persist in PBMCs even after sustained virologic response (SVR) to antiviral therapy ([@A28895R20]). Thus, it is possible that infectious viral HCV RNA could not be cleared from PBMCs, rather than serum. Therefore, it may be a better marker of assessing HCV treatment failure or relapse. The developed TaqMan real time PCR was evaluated to determine the sensitivity of the assay for detection and quantification of HCV RNA in PBMCs of the same patients whose sera were tested for HCV-RNA. Simultaneously, HCV RNA was detected in freshly isolated peripheral blood mononuclear cells of patients as well as serum samples. However, copy number of HCV-RNA in PBMCs was lower than sera, which is still important when assessing virological response to treatment.

In conclusion, developed in-house TaqMan real time RT-PCR assay was able to detect and quantify HCV genotypes 1 - 4 prevailing in all geographical regions of Iran. The assay was quite sensitive for detection of low copies of HCV RNA in peripheral blood mononuclear cell and plasma samples, which is important when assessing virological response to treatment.
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